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(57) ABSTRACT 

A pyrotechnic initiator having an internal sleeve that facili 
tates the loading and durable retention of a pyrotechnic 
charge in place on the header surface Within the initiator. The 
sleeve bene?cially retains the charge either in conjunction 
With the upper interior surface of the charge can, or through 
the use of a monolithic charge and a narroWed top end of the 
sleeve. 

20 Claims, 5 Drawing Sheets 
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INITIATOR WITH AN INTERNAL SLEEVE 
RETAINING A PYROTECHNIC CHARGE 
AND METHODS OF MAKING SAME 

RELATED APPLICATION 

This application is a continuation of US. application Ser. 
No. 10/188,003 by Avetisian et al., which was ?led on Jul. 
1, 2002 and entitled “Pyrotechnic Initiator with a Narrowed 
Sleeve Retaining a Pyrotechnic Charge and Methods of 
Making Same,” and issued as US. Pat. No. 6,848,365 on 
Feb. 1, 2005, which was in turn a continuation-in-part of 
US. application Ser. No. 09/733,755 by Avetisian et al., ?led 
on Dec. 8, 2000 with the same title and issued as US. Pat. 
No. 6,578,487 on Jun. 17, 2003, which is incorporated 
herein by reference except to the extent that it contradicts 
anything explicitly set forth here. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to the ?eld of 
pyrotechnic initiators, and more particularly to a pyrotechnic 
initiator having an internal sleeve retaining a pyrotechnic 
charge. 

Pyrotechnic initiators have many uses in industrial and 
consumer applications. One important use is in triggering 
the in?ation of airbags in motor vehicles. Signi?cant efforts 
have been made in the automotive industry to reduce the cost 
of manufacturing reliable airbag initiators. One advance has 
been the use of liquids and slurries in loading pyrotechnic 
charges into the initiators. As shown in US. Pat. No. 
5,686,691 to Hamilton et al., it is known to load a slurry 
charge into a conventionally cup-shaped charge can, and to 
directly af?x such a loaded can onto a header assembly so 
that the charge comes into contact with the header surface 
and bridgewire. However, this method poses certain draw 
backs and dif?culties and limits the available range of 
slurries since the slurry must be amenable to consolidation. 
It is believed that hitherto a thin-walled, rigid charge sleeve 
has not been used to facilitate the loading and durable 
retention of a pyrotechnic charge in place on the header 
surface within an initiator. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an initiator 
includes an internal charge sleeve that is loaded with a 
pyrotechnic charge such as through slurry loading. The 
sleeve is closed at its bottom end by the initiator’s header 
assembly, but has an open top end. The charge sleeve 
bene?cially retains the charge on the header of the initiator, 
either in conjunction with the upper interior surface of the 
charge can, or through the use of a monolithic charge and a 
narrowed top end of the sleeve. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a side sectional view of a narrowed sleeve 
embodiment of an initiator according to the present inven 
tion. 

FIG. 2 is a side sectional view of an initiator having an 
alternate narrowed sleeve embodiment to that of FIG. 1. 

FIG. 3 is a partial side sectional view of a straight sleeve 
embodiment of the invention, showing the loaded sleeve 
placed on the header assembly, ready for the charge can to 
be placed thereon. 
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2 
FIG. 4 is a side sectional view of the embodiment of FIG. 

3, after the charge can has been pressed down on top of the 
sleeve, sliding the sleeve fully onto the header assembly. 

FIG. 5 is a partial side sectional view of an alternate 
straight sleeve embodiment to that of FIGS. 3 and 4, 
showing the loaded sleeve placed on the header assembly, 
ready for the charge can to be placed thereon. 

FIG. 6 is a side sectional view of the embodiment of FIG. 
5, after the charge can has been pressed down on top of the 
sleeve. 

FIG. 7 is a side sectional view of an alternate straight 
sleeve embodiment that is similar to the embodiments of 
FIGS. 3—6, except that the sleeve is readily deformable when 
the can is pressed down on top of it. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS1 

Various initiator con?gurations can be used, or modi?ed 
appropriately for use, in the present invention. As can be 
seen from FIG. 1, a preferred embodiment of an initiator 56 
according to the present invention preferably includes a 
number of features typically found in pyrotechnic initiators. 
For example, there is a glass-to-metal sealed header assem 
bly 58 hermetically attached to a charge can 42 through a 
circumferential weld 24, an insulator cup 40, and a molded 
insulating body 26. The depicted header assembly 58 con 
sists of an isolated center pin 22, glass 50, an eyelet 44, a 
welded bridgewire 38, and a ground pin 20, with both of the 
pins 20 and 22 extending beyond the body 26 to form a 
connector end. The eyelet 44 is preferably made of a metal 
such as 304L stainless steel, and is generally cylindrical with 
a passage de?ned through it to permit a feedthrough to be 
created by the hermetic sealing of the glass 50 and the center 
pin 22 therein. The depicted header assembly 58 includes an 
eccentrically placed passage, center pin and glass, however, 
they could alternately be concentrically placed, or the header 
could be non-coaxial with two pins each sealed in a 
feedthrough. The glass 50 may preferably consist of sodium 
aluminosilicate or barium alkali silicate, and the bridgewire 
38 may be formed from a high resistance metal alloy such 
as platinum-tungsten or “NICHROME” nickel-chromium 
alloy. The charge 32 may preferably be Zirconium/potassium 
perchlorate-based and is in a heat-receiving relationship 
with the bridgewire 38. A ?ring current having at least a 
predetermined “all-?re” level and duration (e.g., 800 mA for 
2 milliseconds at —35° C.) applied to the pins 20 and 22 
resistively generates heat that is reliably (e.g., 99.9999% of 
the time with at least 95% con?dence) suf?cient to ignite the 
charge 32. It is also generally required that the application of 
current up to a predetermined “no ?re” level and duration 
(e.g., 200 mA for 10 seconds at 85° C.) will reliably not 
result in the bridgewire generating suf?cient heat to ignite 
the charge 32. As an alternate to the bridgewire 38, a 
monolithic bridge may be used, and preferably consists of 
dissimilar conductive materials such as a thick resistive ?lm 
on a ceramic substrate, a thin resistive ?lm deposited on a 
ceramic substrate, or a semiconductor junction diffusion 
doped onto a silicon substrate, examples of each of which 
are well-known in the art. 

1 The present description incorporates by reference in full the disclosures of 
the following co-pending applications that are ?led concurrently herewith and 
assigned to the assignee of the present application: Ser. No. 10/188,402, by 
Vahan Avetisian et al., Ser. No. 10/188,004, by Vahan Avetisian et al; Ser. No. 
10/188,009by Marius Rosu and issued on Mar. 2, 2004 as US. Pat. No. 
6,698,356; and Ser. No. 10/188,010by Vahan Avetisian. US Pat No. 5,648, 
634 Avory et al. is also incorporated herein by reference. 

In the embodiment of FIG. 1, a sleeve 36 having a 
cylindrical aspect contains the charge 32 within the initiator 
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and retains it in place against the top surface of the header 
assembly 58, preferably so that it is in intimate contact With 
the bridgeWire 38. This sleeve 36 can be formed, for 
example, from a holloW cylindrical piece of 304L stainless 
steel having a Wall thickness of ten thousandths of an inch, 
Which is then sWaged inWardly (using a suitable special 
formed tool designed for the application such as is Well 
knoWn in the art) at its top to form a narroWed top end 52. 
The sleeve 36 can then be slid onto the header assembly 58 
and its bottom end 27 can then be sWaged inWardly along a 
suitable corresponding circumferential recess on the eyelet 
44. The sleeve 36 preferably has a relatively tight interfer 
ence ?t With the header assembly 58 so as to secure it ?rmly 
thereto and reduce the likelihood of the charge 32 shifting. 
Approximately the upper half or third of the sleeve 36 
preferably remains above the top surface of the header 
assembly 58. Other suitable methods, such as Welding, can 
alternately or additionally be used to secure the sleeve. 

FolloWing that, preferably substantially the entire open 
area Within the sleeve 36 (i.e., the area Within the aforemen 
tioned upper half or third that remains above the top surface 
of the header assembly 58) is loaded With a suitable pyro 
technic charge 32. This is preferably done using a slurry 
loading technique or similar means knoWn in the art. Some 
examples of relevant slurry-loadable pyrotechnic composi 
tions are described in US. Pat. No. 5,686,691 to Hamilton, 
et al., the disclosure of Which is incorporated herein by 
reference except to the extent that it contradicts anything 
explicitly set forth here. A suitable slurry for use in forming 
charge 32 in the present embodiment may include a binder 
such as Viton-B® preferably at less than ?ve percent by 
Weight, a solvent such as butyl acetate at approximately 
tWenty percent by Weight, and the balance preferably being 
Zirconium/potassium perchlorate and any other desired addi 
tives. 

Alternately, instead of pre-forming the sleeve’s narroWed 
top end 52 prior to loading the charge 32, the upper end 52 
of the sleeve 36 can be circumferentially crimped inWardly 
after (or While) the slurry dries, so that it becomes narroWed 
and compresses the charge 32. 

Optionally, the top of the charge 32 can be pressed 
doWnWardly during or after drying of the slurry in order to 
pack it more tightly and more ?rmly press it against the 
bridgeWire 38. Although such pressing is preferably done in 
such a Way as to produce a concave top on the charge 32 (as 
shoWn in FIG. 1), the top of the charge 32 could alternately 
be formed substantially ?at or even project convexly above 
the top of the sleeve 36 (similar to the depiction in FIG. 5). 

Although the sleeve 36 is preferably loaded after it is 
attached to the header assembly as just described, the sleeve 
36 could alternately be separately pre-loaded (preferably 
With a slurry, and preferably upside-doWn on a ?at surface 
or suitable ?xture) With the charge 32 (so as to ?ll the desired 
portion of the upper region of the sleeve 36). Then, prefer 
ably after substantial or complete drying of the slurry, the 
header assembly 58 could be slid into the sleeve 36 such that 
the charge 32 makes intimate contact With the bridgeWire 38. 
This Would preferably be done With the sleeve 36 pre 
formed With its narroWed top end 52, and With the applica 
tion of suf?cient pressure on the header assembly 58 against 
the charge 32 so as to increase the degree of contact 
therebetWeen. 

In any case, When the sleeve With its narroWed top end 52 
is in place on the header assembly and the slurry is dried, the 
charge 32, Which is a monolithic solid mass, is physically 
retained in place on the top surface of the header assembly 
58 by the sleeve 36. Speci?cally, the obstruction of the 
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4 
narroWed top end 52 (Which has a smaller inner diameter 
than the outer diameter of charge 32 beloW narroWed top end 
52), and possibly also the cohesion and/or friction betWeen 
charge 32 and the Walls of sleeve 36, retain charge 32 in 
intimate contact With bridgeWire 38 (or other suitable elec 
trical initiating element). Thus, the process of assembling 
the pyrotechnic charge 32 to the header assembly 58 in 
intimate contact With the bridgeWire 38 is simpli?ed and yet 
more reliable. 

Subsequently, the resulting initiator subassembly (includ 
ing the header assembly 58 and the sleeve 36 loaded With the 
pyrotechnic charge 32) is pressed into and hermetically 
sealed and attached to the charge can 42 (Which preferably 
may also be 304L stainless steel having a Wall thickness of 
ten thousandths of an inch), such as With a through-Weld 24. 
To complete the initiator 56, a suitable insulator cup 40 
(Which preferably may be nylon having a Wall thickness of 
ten thousandths of an inch) and insulating body 26 (Which 
may preferably be nylon insert-molded onto the initiator 
subassembly) may be provided as is Well knoWn in the art. 

It is noted that the intermediary containment provided by 
the sleeve 36 may also help insulate the charge 32 Within the 
initiator 56 from external physical stresses such as vibra 
tions, particularly if all (as shoWn in FIG. 1) or at least a 
substantial portion of the sleeve 36 is physically spaced 
apart from the interior of the can 42. This in turn enhances 
the robustness of the contact betWeen charge 32 and 
bridgeWire 38. 

Turning to FIG. 2, it Will be apparent that many variations 
of a sleeve having a narroWed top end can be made. In this 
embodiment, instead of starting With a holloW cylindrical 
metal piece to form the sleeve 36, a cup-shaped metal piece 
can be used to form the sleeve 36a. A hole can then be 
punched or stamped out of the bottom of this cup, in a 
position corresponding to the feedthrough and bridgeWire 
placement on the surface of the header assembly. The 
narroWed top end of the sleeve 36a can be formed as 
described above, either before or after the step of punching 
out the hole in the bottom of the sleeve 36a. Optionally, a 
circumferential upturned rim can be formed (again using a 
suitable special-formed tool) onto the edge of the hole in the 
bottom of the sleeve 36a, and can bene?cially serve as a dam 
to help locate the loading of, and to retain in contact With the 
bridgeWire 38, a primer charge 34 that is distinct from the 
(output) charge 32. In the embodiment depicted, a preferable 
height for such a rim is ten thousandths of an inch. Stainless 
steel 304L having a Wall thickness of ten thousandths of an 
inch is again suitable for such a sleeve. The sleeve 36a is 
preferably resistance Welded at Weld 38 to the top surface of 
the header assembly, although it can also be TIG-Welded, 
laser Welded, glued, or attached by any other suitable means. 
Using the dam created by the circular rim at the bottom of 
the sleeve 36a, a suitable primer charge 34 may be loaded, 
preferably in a slurry form, and then output charge 32 may 
be loaded generally as described above With reference to 
FIG. 1. A suitable primer charge 34 may be a slurry 
including a binder such as Nipol® AR53L preferably at a 
feW tenths of a percent by Weight, a solvent such as butyl 
acetate at approximately tWenty percent by Weight, and the 
balance preferably being Zirconium/potassium perchlorate 
and any other desired additives. The binder in the ignition 
charge 34 preferably has an extremely high coef?cient of 
elasticity, such as 1000%, and is preferably extremely adhe 
sive so as to strongly bind to the bridgeWire. In a preferred 
embodiment having a total charge Weight of 260 mg, the 
primer charge 34 may preferably have a Weight of 30 mg. 
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It is also noted that although the foregoing description of 
the embodiments of FIGS. 1 and 2 refer to the use of a dried 
slurry charge, any other charge may be used that results in 
a monolithic mass retained on the header top surface by the 
narroWed upper end of the sleeve. 

Next, FIGS. 3 and 4 shoW an alternate embodiment of the 
invention that employs a straight sleeve rather than a sleeve 
With a narroWed top end. FIG. 3 shoWs the loaded sleeve 36b 
placed on the header assembly 30, ready for the charge can 
to be placed thereon; FIG. 4 shoWs the initiator after the 
charge can has been pressed doWn on top of the sleeve, 
causing the the sleeve to slide fully onto the header assembly 
30. This embodiment may preferably be similar to those of 
FIGS. 1 and 2, With the main distinction being that the sleeve 
36b does not need a narroWed top end, because the open top 
of the sleeve is closed off by the interior upper surface of the 
charge can 42, thus retaining the charge 32 (preferably With 
a distinct primer charge 34) ?rmly in place on the top surface 
of the header assembly 30. 

In this embodiment, the sleeve 36b can be placed on top 
of the header assembly 30 as depicted so that the bottom of 
the sleeve meets the outer circumferential edge of the header 
assembly 30, and then loaded With charge (or less preferably 
the sleeve 36b can be loaded prior to placing it on the header 
assembly 30). Then, the charge can 42 is placed over the 
loaded sleeve 36b, and pressed doWnWardly thereover. As it 
is pressed doWnWardly, the friction of the interference ?t 
betWeen the charge can 42 and the sleeve 36b and/or the 
closed top end of the can 42 cause the sleeve 36b to slide 
doWnWardly until it hits shoulder 46. The can 42 is prefer 
ably pressed onto the header assembly 30 so as to exert a 
consolidation force downwardly on the charge, preferably of 
5000 psi. It is noted that an appropriate length for the sleeve 
36b is dictated largely by the distance from shoulder 46 to 
the top surface of the header assembly 30, and the antici 
pated length of compression of the charge that Will occur 
When the consolidation force is applied. The can 42 is then 
attached to the header assembly 30 such as by a circumfer 
ential through-Weld to the eyelet 44, or a through-Weld (not 
shoWn) going through both the can 42 and sleeve 36b to the 
eyelet 44. The shoulder 46 may be omitted if both the can 
and sleeve are Welded to the eyelet 44. 

Next, FIGS. 5 and 6 shoW an embodiment of the invention 
that is similar to that depicted and described above With 
reference to FIGS. 3 and 4, but Which employs a straight 
sleeve 36c that is fully inserted onto the header assembly 30 
before the can 42 is placed on the assembly. In this embodi 
ment, the sleeve 36c is preferably inserted onto the header 
assembly 30 and then loaded With charge (although this 
could less preferably occur in reverse order) such that a 
mound of charge is formed at the top of the sleeve 36c, 
protruding above the top of the sleeve. Then the charge can 
42 is pressed doWn on top of the sleeve 36c, preferably With 
at least enough force to cause the mound of charge to ?atten 
out and generally conform to the upper interior surface of the 
charge can 42. The charge can 42 is further preferably 
pressed With enough force to cause desirable consolidation 
of the charge applied, in Which case the height of the charge 
mound above the top of the sleeve should be suf?ciently 
large (or conversely, assuming the charge Weight is prede 
termined, the height of the sleeve 36c should be suf?ciently 
loW) that the charge can is not obstructed by the top of the 
sleeve 36c before desirable charge consolidation is attained. 
As an example, With a 260 mg total charge, using a slurry as 
described above, a suitable sleeve 36c may have a diameter 
of 6.6 mm and a height of 7.0 mm, With a distance of 4.0 mm 
from the top surface of the header assembly 30 to the 
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6 
shoulder 46, and a suitable height of the charge mound may 
be forty to a hundred thousandths of an inch. 

To the extent that it is dif?cult in a particular con?guration 
to attain a charge mound that is suf?ciently raised above the 
top of the sleeve, the alternate deformable straight sleeve 
embodiment depicted in FIG. 7 may be used to address the 
dif?culty. This deformable straight sleeve 36d may be simi 
lar to the sleeve 36c of FIGS. 5 and 6, and may be applied 
to the header assembly 30 and loaded in similar fashion, 
except that the sleeve 36a' is readily deformable When the 
can 42 is pressed doWn on top of it, permitting a further 
degree of compression of the charge 32. Such a deformable 
straight sleeve 36d can be made of plastic or paper, prefer 
ably With a Wall thickness of approximately four to ten 
thousandths of an inch, and preferably With a “crumple 
Zone” of perforations or the like provided along all or a 
portion of its length so that regular bends 48 Will form When 
the can 42 is pressed doWnWardly on the loaded sleeve 36d, 
such bends 48 reducing the effective height of the sleeve 
36d, and thus permitting the can 42 to continue to compress 
the charge 32 doWnWardly further. 

It is also noted that in suitable embodiments of the 
invention, methods of loading such as those taught in 
assignee’s co-pending application Ser. No. 10/188,009, by 
Marius Rosu and issued on Mar. 2, 2004 as US. Pat. No. 
6,698,356, may be used. Also, the bridgeWire 38 may 
preferably be in close contact With the glass 50, and/or may 
be ?attened, as is taught in assignee’s co-pending applica 
tion Ser. No. 10/188,010, by Vahan Avetisian. The 
bridgeWire 38 may also preferably be in contact With the 
adjacent charge at a position of the charge that Was subject 
to a relatively high degree of contraction during the slurry 
drying process, so as to minimiZe the presence of voids in 
the charge at that position, as taught in assignee’s co 
pending application Ser. No. 10/188,004, by Vahan Aveti 
sian et al. Finally, a ?at slip plane may be provided so as to 
minimiZe the physical and environmental stresses affecting 
the charge near the bridgeWire 38, as taught in assignee’s 
co-pending application Ser. No. 10/188,402, by Vahan 
Avetisian et al. 

Apreferred embodiment of a pyrotechnic initiator having 
a charge sleeve that facilitates the loading and durable 
retention of a pyrotechnic charge in place on the header 
surface Within an initiator, has thus been disclosed. It Will be 
apparent, hoWever, that various changes may be made in the 
form, construction, and arrangement of the parts Without 
departing from the spirit and scope of the invention, the form 
hereinbefore described being merely a preferred or exem 
plary embodiment thereof. Therefore, the invention is not to 
be restricted or limited except in accordance With the 
folloWing claims. 
What is claimed is: 
1. A method for making an initiator, comprising the steps 

of: 
a) providing a header assembly including an eyelet, a top 

surface, and an exposed electrical initiating element on 
said top surface; 

b) providing a charge sleeve projecting upWardly above 
said top surface of said eyelet, Wherein said charge 
sleeve has a top end that is not substantially narroWed; 

c) loading a charge in the form of a liquid or slurry Within 
said charge sleeve; 

d) drying said liquid or slurry charge; and, 
e) attaching a charge can to said header assembly so as to 

surround said charge sleeve and said charge and her 
metically separate said charge from the ambient envi 
ronment exterior to said charge can. 
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2. The method of claim 1, wherein said charge sleeve is 
generally cup-shaped and includes a hole in its bottom, said 
method further comprising the step of attaching the bottom 
of said charge sleeve to the top surface of said header 
assembly. 

3. The initiator made by the method of claim 2. 
4. The method of claim 1, Wherein said eyelet has an outer 

diameter and said charge sleeve has a loWer region having 
an inner diameter that is approximately the same as said 
outer diameter of said eyelet, said method further compris 
ing the step of sliding said charge can doWn over said charge 
sleeve after said charge sleeve is loaded With said charge. 

5. The initiator made by the method of claim 4. 
6. The method of claim 4, Wherein said step of sliding 

continues until the upper interior surface of said charge can 
is in intimate contact With said charge and said charge is 
consolidated under a pressure of at least 1000 psi. 

7. The method of claim 6, Wherein said electrical initiating 
element is a bridgeWire. 

8. The initiator made by the method of claim 7. 
9. The initiator made by the method of claim 6. 
10. The method of claim 1, Wherein said step of loading 

includes forming one or more protruding portions at the top 
of said charge, and ?attening said one or more protruding 
portions against the upper interior surface of said charge can. 
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11. The initiator made by the method of claim 10. 
12. The method of claim 1, Wherein said eyelet includes 

a circumferential shoulder, said method further comprising 
the step of causing said charge sleeve to slide doWnWardly 
until it abuts said circumferential shoulder. 

13. The initiator made by the method of claim 12. 
14. The method of claim 1, Wherein said eyelet has an 

outer diameter and said charge sleeve has a loWer region 
having an inner diameter that is approximately the same as 
said outer diameter of said eyelet, said method further 
comprising the step of placing part of said eyelet Within said 
loWer region of said charge sleeve and circumferentially 
Welding said charge sleeve to said eyelet. 

15. The initiator made by the method of claim 14. 
16. The method of claim 1, Wherein said step e) includes 

positioning said charge can such that it is spaced apart from 
said charge sleeve. 

17. The initiator made by the method of claim 16. 
18. The method of claim 1, Wherein step e) is performed 

before, during, and/or after step d). 
19. The initiator made by the method of claim 18. 
20. The initiator made by the method of claim 1. 

* * * * * 


